Studi mutagenisitas ekstrak alkohol dati kentang iradiasi. Suatu penelitian gabungan telah dilakukan di Jepang untuk mempelajari keamanan kentang iradiasi dengan menggunakan pengujian kimia dan biologis. Contoh uji dibuat dengan cara mengekstraksi dengan alkohol kentang varietas Danshaku yang telah disimpan selama 3 bulan dalam ruangan gelap dengan suhu di bawah lOoC, lalu diiradiasi 150 Gy dengan menggunakan 2 macam laju dosis, yaitu 450 Gy/jam dan 57 Gy/jam. Hasil pemeriksaan kimia dengan HPLC, kromatografi kertas dan pengujian enzim tidak mendeteksi adanya o-kuinon atau "radiotoksin" dalam ekstrak alkohol kentang iradiasi. Hasil pemeriksaan biologis pada sistem sel bakteri dan mamalia dengan menggunakan pengujian mutasi, "inductest", uji kerusakan kromosom dan uji mikronukleus menunjukkan bahwa tidak ada aktivitas mutagen dalam ekstrak alkohol kentang iradiasi yang baru dibuat.
INTRODUCTION
Feasibility studies on the inhibition of sprouting in potatoes by ionizing radia-" tions have revealed that very low doses less than 150 Gy are sufficiently effective, and various types of safety tests of irradiated whole tubers of potatoes have indicated no adverse effect for human consumption attributable to the irradiation treatment (1) . On the other hand, only a series of papers to provoke a question on the wholesomeness aspects of potato irradiation technology has been presented by KUZIN and his coworkers, in which they have described on "radiotoxins" found in alcohol extracts prepared from irradiated potatoes (2, 3) . According to KUZIN et aI., radiotoxins are the oxidation products from polyphenols in the tuber tissue, which are responsible for the radiation-induced mutagenic effects of alcohol extracts from raw potatoes. However, other authors (4, 5) failed to find out the mutagenic activity of the alcohol extracts from uncooked or cooked irradiated potatoes.
In order to determine whether the mutagenic activity is found in alcohol extracts from freshly irradiated potatoes, the committee on food irradiation research was set up at..Jhe Japan Radioisotope Association and the results obtained by the cooperation of the committee members were published in thret original papers (6, 7, 8) . The present review paper will introduce the outline of the experimental results described in these three papers.
MATERIALS AND METHODS
Potatoes used throughout these studies were those of the "Danshaku" variety supplied from Hokkaido, Japan. The tubers were stored in the dark for three months after the harvest at temperature below 10°C and irradiated by 60Co-gamma rays with 150 Gy at two different dose rates, 450 Gy/h (H) and 57 Gy/h (L).
The preparation procedures of alcohol extracts from irradiated potatoes em· ployed by KUZIN et al. (2, 3) were carefully followed except (l) storage of irradiated potatoes for 24 h at 4°C or 20°C, (2) the use of glasswared home mixer for the treatment of potatoes to be extracted with alcohol and (3) the storage of concentrated alcohol extracts under frozen after the deaeration by argon bubbling in brown ampoules. The final concentrate of alcohol extracts from potatoes indicated pH values of 3-4.
Chemical studies were conducted by paper chromatography, high performance liquid chromatography (HPLC) using two systems and enzyme assays for phenol oxidase, peroxidase, cresolase and catecholase activities. The model experiment was conducted according to the method of KUZIN et al. in order to find out the quinone complex by HPLC.
Tests for biological activities in bacterial and mammalian cell systems carried out in these studies are as follows: (l) histidine reverse mutation assays in Salmonella ryphimurium strains, (2) reverse mutation assays in a streptomycin mutant, Salmonella ryphimurium TA 100-10, (3) Prophage lambda induction tests using Escherichia coli KI2 mutants, (4) chromosomal aberration tests in vitro with chinese hamster cells and (5) micro-nucleus tests in ddY-SLC mice, a dominant lethal test after consecutive administrations of potato extracts to male 9-week-old BDFJ mice. In a dominant lethal test, male mice were orally given with 0.5 mlof the alcohol extracts per 25 g body weight twice a day for 7 days. Thirty males were used in both the negative control and sample groups. After administration, each male mouse was mated with a 9-week-old virgin female mouse and then to a new female successively tit 4.day intervals for 56 days. The frequency of induced dominant lethals was calculated as follows:
Frequency of induced dominant lethals (%) = (l _ living implants per pregnant female in the experimental group) x 100 living implants per pregnant female in the control group A statistical analysis was made with the data ·by means of the t test.
RESULTS AND DISCUSSION
The o-quinones or radiotoxins reported by KUZIN e~al. were not detected in the alcohol extracts prepared from gamma irradiated potatoes by two systems of HPLC (Fig. I ). Enzyme activities of both peroxidase and phenol oxidase in potato tubers increased linearly with irradiation doses, but the rates of increase were rather smaller than those reported by KUZIN et al. (Fig. 2) . As well, increase of activities of catecholase for caffeic acid and cresolase for tyrosine seemed rather small (Table  I ). In the model experiment to trace that of KUZIN et aI., the typical reaction mix-ture was composed of 10 ml of 0.05 M phosphate buffer, pH 6.8, containing caffeic acid, tyrosine, tryptophan, methionine and leucine and 10 ml of the enzyme solution. A steady decrease of caffeic acid was observed (Fig, 3) and only a small amount of caffeic acid was detected after 2-hour incubation of the reaction mixture, whereas the system with boiled enzyme showed no decrease 'in caffeic acid even after 2-hour incubation. A HPLC analysis of the reaction products indicated no characteristic difference between the irradiated and unirradiated sample system. The amino acid analysis revealed no amino acid consumption in the system. It was also found that caffeic acid decreased at the similar reaction rate without amino acids. The results of chemical studies on the radiation effect on the enzyme activities may be explained by the following scheme:
In unirradiated potatoes, the reaction rate of process III, k3 will be much larger than k1 or k2. It is assumed that the steady state concentration of o-quinones in the unirradiated system is below the detection limit. In the irradiated system of KUZIN et aI.., k1 increased as much as about three times and k2 increased about 30%, resulting in the increase in the steady state concentration of o-quinone, to such a degree 'a~'to be detected. In contrast, in the present study, both k1 and k2 increased only about 10 -20%, and so the steady state concentration of o-quinone would not go over the detection. It is concluded in these chemical studies that o-quinone or radiotoxins reported by KUZIN et al were not detected even in the irradiated system.
In mutagenicity tests in bacterial and mammalian cell systems, the negative results were obtained from all test systems mentioned above. In addition, no difference in the mutagenic activities was found between extracts prepared from irradiated and unirradiated potatoes, suggesting that no mutagenic substance was produced in potatoes following the gamma-irradiation treatment (Tables 2 -7) .
In a dominant lethal test in mice, no significant difference was observed in the number of living implants between the groups treated with alcohol extracts prepared from irradiated and unirradiated potatoes (Table 8 ).
In conclusion, no experimental evidence for the mutagenic activity of alcohol extracts prepared from gamma irradiated potatoes was obtained by the chemical analysis and biological assays in the present studies,
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A. MATSUYAMA: Safety test for food extracts are not always necessary. Wholesomeness studies on irradiated food may be done under the specified condition of food treatments for practical application. Our purpose in the mutagenicity tests on alcohol extracts from irradiated potatoes was to trace the experiments of KUZIN and his coworkers.
RD. ESTI W.:
Are there any irradiation done on microbial products such as baker's yeast. In this case, irradiation only affect microbes which might contaminate a certain product and not the primary yeast/microbes such as Saccharomyces cerevisiae in the case of baker's yeast.
A. MATSUY AMA:
Although 1 am not sure on this matter, there might be useful references available. Inside the microbial cell mass, there would be some anaerobic condition which makes cell-inactivation effects of radiation a little lower.
